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a  b  s  t  r  a  c  t
The  aim  of  the  present  study  was  to  assess  the venereal  transmission  of  Toxoplasma  gondii
in goats.  Two  bucks  of  reproductive  age  were  used.  One  of  them  was  infected  orally  with
2 ×  105 oocysts  of  the  ME-49  strain  of  T.  gondii,  whereas  the  other  buck  was not  infected
(control).  Ten  does  were  randomly  allocated  into  two groups  (G1  and  G2),  each  with  ﬁve
animals.  The  does  in G1  were  mated  with  the  buck  that  had  been  experimentally  infected
with  T. gondii  oocysts.  Those  in  G2 (control)  were  mated  with  the serologically  negative
buck.  Infection  of the buck  and  does  from  G1  was  conﬁrmed  based  on clinical,  serological,
molecular  and  histopathological  ﬁndings.  Seroconversion  (Indirect  Immunoﬂuorescence
Reaction)  occurred  in the  infected  buck  on  the  7th  day  post-infection  (d.p.i.)  and  T.  gondii
DNA  was  present  (Polymerase  Chain  Reaction)  in the  blood  and  semen  on  the  3rd  d.p.i.
In  G1,  two  of the  ﬁve  females  seroconverted.  T. gondii  DNA  was  found  in  the  blood  of  two
does.  The  buck  in  G2  and  all of  the  females  that  mated  with  him  were  negative  in  all  tests.
With  regard  to gestational  development  among  the  females  in  G1,  the following  results
were  recorded:  embryonic  reabsorption  occurred  in  one  animal  on day  34  after  mating;
one animal  aborted  on day  42  after  mating;  the three  other  females  gave  birth  to  full-term
healthy  kids.  One  of these  kids  exhibited  PCR-positive  blood  at birth.  In  total,  40% of  the
does  in  G1  and  80%  of  the  kids  born  alive  in  G1  were  PCR-positive  in at least  one  organ.  The
present  study  demonstrated  that  venereal  transmission  of  T. gondii  occurs  in  goats,  with
vertical transmission  occurring  from  does  mated  with  an infected  buck  to  their  kids.
©  2014  Elsevier  B.V.  All  rights  reserved.∗ Corresponding author. Tel.: +55 82 3313 0825.
E-mail address: ﬂavianasw@hotmail.com (F.S. Wanderley).
http://dx.doi.org/10.1016/j.smallrumres.2014.11.017
921-4488/© 2014 Elsevier B.V. All rights reserved.1. IntroductionToxoplasmosis is a worldwide disease caused by Toxo-
plasma gondii,  which uses felids as deﬁnitive hosts and
various species of vertebrates as intermediary hosts. This
minant 302 F.S. Wanderley et al. / Small Ru
disease has veterinary signiﬁcance as it can cause abortions
and other reproductive problems in animals (Tenter et al.,
2000).
In many countries, toxoplasmosis is thought to be the
main cause of reproductive problems among goats and
sheep (Skjerve et al., 1998; Borde et al., 2006). Reproduc-
tive disorders in goats are more commonly associated with
the stage of pregnancy in which the animal was  infected
than with the strain of T. gondii (Dubey, 1981). Experimen-
tal infection with oocysts in pregnant goats (ﬁrst trimester)
deﬁned the occurrence of fetal retention or reabsorption.
In the second and third trimesters of pregnancy, abortions,
stillbirths and the birth of infected kids were common
(Dubey, 1989, 2010; Obendorf et al., 1990).
The presence of T. gondii in the semen of bucks that were
experimentally infected with oocysts has previously been
demonstrated (Dubey and Sharma, 1980; Santana et al.,
2010), although venereal transmission of the parasite has
not yet been conﬁrmed.
Bearing in mind the signiﬁcance of this disease in goat
reproduction, the aim of the present study was to assess
the venereal transmission of T. gondii in goats mated with
a buck that had been infected with oocysts of the ME-49
strain (Type II).
2. Methods
The present study was  conducted on the São Luiz farm and in the Uni-
versidade Federal de Alagoas, located in the municipality of Vic¸ osa, Brazil.
All experimental procedures followed the guidelines set down in the Inter-
national Guiding Principles for Biomedical Research Involving Animals.
The  present study received approval from the Ethics Committee of the
Universidade Federal Rural de Pernambuco under protocol number CEUA –
UFRPE – 007/2010.
2.1. Animals
Two  Saanen bucks of 2 years of age were used. Both had a history
of fertility and their semen met  the established standards of the Colégio
Brasileiro de Reproduc¸ ão Animal (1998). One of the bucks was infected
orally with 2 × 105 oocysts of the ME-49 strain of T. gondii,  whereas the
other remained uninfected (control). Ten multiparous, crossbred, non-
pregnant does, aged between 3 and 4 years old, were randomly allocated
into two groups of ﬁve: G1 contained ﬁve does and the infected buck; G2
(control group) contained ﬁve does and the healthy buck (no infection).
At  the beginning of the experiment, all goats were dewormed and
vaccinated against clostridial diseases and rabies, and negative sero-
logy  results were conﬁrmed for T. gondii and Neospora caninum [Indirect
Immunoﬂuorescence Reaction (RIFI)]; Brucella abortus (Buffered Acidiﬁed
Antigen); and Chlamydophila abortus (Complement Fixation). The animals
were maintained in an intensive screened bay system. The bucks were
kept in individual bays, separated from the females.
2.2. Experimental infection
Oocysts of the ME-49 strain were used to infect the buck from G1.
The dosage of 2 × 105 oocysts was administered orally in a single dose
using a 5 ml  syringe, coupled to a catheter. The estrus of the goats was
induced on different days to favor coverage by an infected buck. Four
days post-infection (d.p.i.) of the buck, the ﬁrst female was synchronized
by  applying 0.3 ml  (intramuscular route) of Sodium Cloprostenol (Ciosin®
Shering Plough, Brazil). On the 6th d.p.i. of the buck, another three females
were synchronized. The last female was synchronized on the 10th d.p.i.
This synchronization resulted in the estrus of two  females on the 8th d.p.i.
of the buck; one female on the 9th d.p.i; one female on the 10th d.p.i. and
one  on the 13th d.p.i. Each female mated naturally (2–3 times) during
estrus. The same synchronization and mating strategy was used in the
control group.Research 123 (2015) 301–305
2.3. Serological and molecular examinations
Serological and molecular examinations were conducted to conﬁrm
infection of the bucks and females in both G1 and G2. Blood was collected
from the females 0, 7, 14, 21, 28, 49, 63, 90 and 123 days after natural
mating and on the day of birth. Blood and semen were collected from the
bucks 0, 3, 5, 7, 11, 14, 21, 28, 35, 42, 49, 56, 63 and 70 d.p.i. Blood samples
were taken from the kids that were born alive immediately after the birth
and before ingestion of colostrum.
Antibodies to T. gondii were detected by RIFI, as described by Camargo
(1974), using anti-goat IgG conjugate (Sigma–Aldrich Co.® , St. Louis, MO,
USA), ﬂuorescein isothiocyanate and sensitized slides (Perfecta® , São
Paulo – Brazil) with antigens to tachyzoites of T. gondii (RH strain). The
sera were tested and placed in progressively halved dilutions of 1:16 up
to 1:4096.
Blood, semen and tissue samples (liver, spleen, kidney, medulla, brain,
lung, heart, placenta and ovary) were stored at −80 ◦C. DNA extraction was
performed using the Qiagen DNA Easy Blood and Tissues Kit (Qiagen® ,
Hilden, Germany), following the manufacturer’s instructions. The primer
pairs used were TOX4 (CGCTGCAGGGAGGAAGACGAAAGTTG) and TOX5
(CGCTGCAGACACAGTGCA TCTGGATT), as described (Homan et al., 2000),
amplifying a region of 529 base pairs (bp). Ampliﬁcation reactions were
carried out in a ﬁnal volume of 12.5 L containing the following: 2.5 L of
genomic DNA; 0.5 L of each primer (TOX4 and TOX5) at 10 M;  2.5 L of
ultrapure Milli-Q water and 6.25 L of Top Taq Master Mix  (Qiagen®), fol-
lowing the manufacturer’s instructions. The thermal proﬁle of the reaction
stages was  conducted in an XP Thermal Cycler (Bioer Technology Co. Ltd.,
Binjiang, Hangzhou, China). This involved denaturation of the initial DNA
at 94 C (7 min), followed by 35 cycles at 94◦ C for 1 min  for denaturation,
60◦ C for 1 min for annealing, 72◦ C for 1 min for extension, and a ﬁnal
extension of 10 min  at 72◦ C. The ampliﬁed products were detected using
agarose gel electrophoresis (2%), stained with Blue Green (LGC® , Cotia,
São  Paulo, SP, Brazil), visualized under ultraviolet light, and photodoc-
umented. The positive control in the reaction was obtained through a
suspension extracted via intraperitoneal lavage of mice that had been
previously infected with the RH strain (Dubey et al., 1995).
Amplicons were puriﬁed using commercial GFXTM PCR DNA and a Gel
Band Puriﬁcation kit (GE Healthcare, add full manufacturer information).
Using the ABI PRISM 3100 sequencer (Applied Biosystems, manufacturer
information), reactions were carried out in both strands of primers (TOX4
and TOX5) based on the Big Dye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems). The polymerization conditions were performed in
96-well plates, following the manufacturer’s instructions. Sequences were
analyzed with Bioedit and MEGA 5 software and compared with the NCBI
database using BLASTn.
2.4. Clinical monitoring
Clinical monitoring of the bucks and does, including two temperature
measurements, was performed on a daily basis.
2.5. Diagnosis and monitoring of pregnancy
Diagnosis and monitoring of pregnancy was conducted by means of
weekly trans-rectal ultrasound examinations between 15 and 60 days
after natural mating, using a multi-frequency linear transducer (CTS 900V,
SIUI, China). After 60 days of pregnancy, ultrasound assessments were per-
formed trans-abdominally at intervals of 15 days, until the time of birth.
The births of animals in G1 and G2 were monitored and the placentas were
collected, identiﬁed, and frozen, for the molecular examination (PCR), or
placed in buffered formalin (10%) for the histopathological examination.
2.6. Histopathological examination
At the end of the experiment, all of the animals were euthanized. The
does were euthanized 240 after mating and the kids were euthanized
90  days after birth. The buck was  euthanized on 240th d.p.i. Euthana-
sia  was  performed according to Resolution number 1000 of the Federal
Council of Veterinary (CFMV, 2012). Necropsies were performed on all
animals. Sections of the liver, spleen, kidneys, medulla, brain, lung, heart,
uterus, ovaries and testicles were collected for a histopathological study.
The material was ﬁxed in 10% buffered formalin, placed in parafﬁn, cut
into 6 m sections in a microtome (Model 1512, Leitz Wetzlar, Wetzlar,
Hessen, Germany), and stained with hematoxylin and eosin.
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. Results
.1. Serological and molecular diagnosis
The infected buck (G1) seroconverted on the 7th d.p.i.
titer = 64). On the 11th day d.p.i., it exhibited a maximal
iter of 1024, which was maintained until the ﬁnal collec-
ion on the 70th d.p.i. In G1, 2 of 5 females seroconverted on
he 123rd day after mating, with a titer of 32. None of the
oes or kids in G2 exhibited antibodies to T. gondii (Table 1).
T. gondii DNA was detected in the blood and semen of
he buck (G1) from the 3rd d.p.i. until the last collection on
he 70th d.p.i. Two females from G1 exhibited PCR-positive
lood: one on the 7th day after mating and the other on the
ay of the birth. In the organs examined with PCR, 2 of 5
emales and 4 of 5 kids in G1 were positive in at least one
rgan. T. gondii DNA was not found in any of the goats or
ids in G2 (Table 2).
Molecular amplicon identities were conﬁrmed through
irect double-strand sequencing, which indicated 99% sim-
larity with the T. gondii DNA sequences stored in the
enBank.
.2. Clinical signs
The infected buck (G1) exhibited apathy, hyporexia,
oughing, hyperthermia (maximal temperature of 41.3 ◦C),
achycardia, and tachypnea between the 3rd and 8th d.p.i.,
ith a recovery after this period. The ﬁrst mounting
ccurred in G1 on the 8th d.p.i. On clinical examination,
he females in G1 exhibited a dry cough, with rales begin-
ing on the 9th day after mating. The buck and does in G2
xhibited no clinical alterations.
.3. Monitoring of pregnancy
With regard to gestational development, embryonic
eabsorption occurred in 1 of 5 females in G1 on the 34th
ay after mating. Abortion occurred in 1 of 5 females on
he 42nd day of pregnancy and 3 of 5 of the females gave
irth at full term. In G2, all females gave birth to full-term
linically healthy kids (Table 1).
.4. Histopathological examination
The main microscopic pathologies in the buck, does, and
ids in G1 were as follows: Lung: hemorrhage; thickening
f the alveolar septa; perivascular mononuclear and inter-
titial inﬁltration, compatible with interstitial pneumonia;
iver: multifocal necrosis and the presence of predomi-
antly neutrophilic polymorphonuclear inﬁltration; Brain:
erivascular gliosis with focal hemorrhage were found in
ome of the kids in G1. No histological alterations were
ound in the buck, females or kids in G2.
. DiscussionIn the present study, a buck was experimentally infected
ith oocysts of the ME-49 strain of T. gondii and mated
ith females during the acute phase of the infection. After
he clinical recovery of the infected buck on the 8th d.p.i.,Research 123 (2015) 301–305 303
the mating with previously synchronized females began.
To our knowledge, there are no previous studies related
to toxoplasmosis acquired via semen in natural mating.
The present study conﬁrmed the elimination of the para-
site in the semen and its transmission to the does and kids.
A number of reproductive abnormalities were observed in
the does resulting from the infection (embryonic reabsorp-
tion and abortion). An interval between the 7th and 15th
d.p.i. was  selected for mating. This decision was based on
the results obtained by Dubey and Sharma (1980), who con-
ducted a bioassay with mice to demonstrate the presence
of T. gondii in the semen of three bucks infected orally with
104 oocysts of the GT-1 strain (isolated in goats). The par-
asite was detected in the semen from the 7th d.p.i. in two
bucks and on 12th d.p.i. in a third. In the present study,
elimination of the parasite in semen was detected in the
PCR from the 3rd d.p.i.
Infection of the buck was  conﬁrmed based on clinical
signs, PCR of the blood and semen and the positive sero-
logy from the 7th d.p.i. (titer = 64). A titer of 1024 was
recorded on the 11th d.p.i., which was maintained until
the end of the experiment on the 70th d.p.i. The serocon-
version period differed from that found by Santana et al.
(2010), who infected goats orally with a dose of 2 × 105
oocysts of the P strain. The same author identiﬁed genetic
material of T. gondii in the semen on the 56th d.p.i., and
detected IgG on the 11th (256) d.p.i., reaching the greatest
titer (4096) on the 28th d.p.i., which was then reduced to a
titer of 1024 from the 35th d.p.i. and remained stable until
the end of the experiment. Nishi et al. (2001) infected goats
with 105 oocysts of the AS-28 strain and recorded positive
serology on the 10th d.p.i.
The clinical signs observed in the buck were in agree-
ment with the ﬁndings of Rosa et al. (2001) and Santana
et al. (2010). In the present study, hyperthermia coincided
with the period of positivity in the PCR and the increase of
antibody titers in the serology.
The clinical and histopathological ﬁndings indicated
interstitial pneumonia compatible with the abnormalities
caused by T. gondii (Dubey et al., 1987; Hartley and Dubey,
1991; Barker et al., 1992; Reddacliff et al., 1993; Mc  Gavin
and Zachari, 2012).
Transmission of T. gondii to does through natural mating
was conﬁrmed in the present study by the results obtained
in certain animals from G1. Two  of the females exhibited
antibodies to T. gondii and one of these does also exhibited
PCR-positive blood on the 30th day after mating and gave
birth at term. Another doe exhibited embryonic reabsorp-
tion, which was  detected on the 34th day of the pregnancy.
A third doe was  negative in the serology and PCR and
aborted on the 42nd day of pregnancy. This female was
PCR-positive in the brain and ovaries. In a fourth doe, the
serology was negative but the blood was  PCR-positive on
the day of the birth, and PCR-positivity was also discovered
in the liver, spleen and kidney. This doe gave birth at term.
The ﬁnal doe of this group exhibited negative serology and
PCR of the blood and tissues and also gave birth at term.Vitor et al. (1992) infected pregnant does subcuta-
neously with tachyzoites and conﬁrmed a congenital
transmission of T. gondii.  The same authors found antibod-
ies in the aborted fetus as well as in kids born alive. The
304 F.S. Wanderley et al. / Small Ruminant Research 123 (2015) 301–305
Table 1
Results of laboratory examinations of does and viable newborn goats when does were mated with a buck infected with Toxoplasma gondii.
Animal/group Serology PCR blood PCR organs Pregnancy diagnosis Reabsorption Abortion
G1
1 + + – + – –
1  (C1*) – – + – – –
2  + – – + + –
3  – – + + – +
4  – + + + – –
4  (C1*) – + + – – –
4  (C2*) – – + – – –
5  – – – + – –
5  (C1*) – – + – – –
5  (C2*) – – – – – –
G2
6  – – – + – –
6  (C1*) – – – – – –
7  – – – + – –
7  (C1*) – – – – – –
7  (C2*) – – – – – –
8  – – – + – –
8  (C1*) – – – – – –
8  (C2*) – – – – – –
9  – – – + – –
9  (C1*) – – – – – –
10  – – – + – –
10  (C1*) – – – 
+, positive; serology (titration = 32); * viable newborns.
seroconversion results found in two goats from G1 in the
present study need to be investigated further since there
was no response of elevated titers of antibodies, as is gener-
ally found with other infection routes. The infection route
used in the present study probably affected the antibody
response.
Another signiﬁcant ﬁnding of the present study was
the positive PCR in the brain of 1/5 kids, the heart of 2/5
kids, and the kidney of 2/5 kids that were born alive. This
indicates that T. gondii was also transmitted to the off-
spring (congenital transmission) when the doe did not
experience embryonic reabsorption or abortion. A number
of recent studies with sheep have demonstrated that the
parasite was capable of infecting sheep via semen contam-
inated with T. gondii (Moraes et al., 2010a,b). High rates
of embryonic reabsorption were recorded in the group
of sheep infected with a higher dose of tachyzoites, as
well as reproductive disorders such as anestrous, follic-
ular cysts, hydrometra and mucometra. These disorders
Table 2
Results of PCR in tissues from bucks, does, and kids in G1, infected with Toxoplasm
Animal Liver Spleen Kidney Medulla 
1 – – – – 
1  (C1*) – – + – 
2  – – – – 
3  – – – – 
4  + + + – 
4  (C1*) – – – – 
4  (C2*) – – + – 
5  – – – – 
5  (C1*) – – – – 
5  (C2*) – – – – 
Buck  – + + – 
* Viable newborns.– – –
were not observed in the present study, probably due to
the concentration of parasites eliminated in the buck’s
semen. According to Dubey (1981, 1989), who experi-
mentally infected pregnant does with oocysts, the clinical
signs observed are dose-dependent. This aspect should also
be investigated further in both experimental and natural
infection of bucks, with a particular focus on the number
of parasites eliminated in the semen and the timing of the
elimination.
It is noteworthy that in the present study, the buck
mated with the females in the acute stage of infection
while experiencing reduced libido. Transmission took place
because the number of parasites in the semen was  proba-
bly higher during this stage. It is not yet possible to conﬁrm
the true signiﬁcance of this infection route under ﬁeld con-
ditions since the buck may  not be interested in mating with
does in heat during the acute stage of infection. The impact
of this infection route should be further investigated in
relation to goat reproduction under natural conditions.
a gondii.
Brain Lung Heart Placenta Ovary
– – – – –
– – – – –
– – – – –
+ – – – +
– – – – –
+ – + – –
– – – – –
– – – – –
– – + – –
– – – – –
– – – – –
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. Conclusion
The results obtained in the present study allowed the
uthors to conclude that T. gondii was transmitted via goat
emen.
ompeting interests
The authors declare that they have no competing inter-
sts.
cknowledgements
The authors would like to thank the following: the
niversidade Federal de Alagoas (UFAL), the Fundac¸ ão
e Amparo a Pesquisa do Estado de Alagoas (FAPEAL
 No. 20091133370-7), for providing the scholarship,
nd the Fundac¸ ão de Amparo a Pesquisa do Estado de
ernambuco (FACEPE – APQ-1226-5.05/10) and CNPQ (No.
05939/2011-4) for ﬁnancial support in carrying out this
roject.
eferences
arker, I.K., Druemel, A.A., Palmer, N., 1992. The alimentary system. In:
Jubb, K.V.C., Kenedy, P.C., Palmer, N. (Eds.), Pathology of Domestic
Animals, vol. 2, 4th ed. Academic Press, San Diego, pp. 1–308.
orde, G., Lowhar, G., Adesiyun, A., 2006. Toxoplasma gondii and Chlamy-
dophila abortus in caprine abortions in Tobago: a sero-epidemiological
study. J. Vet. Med. B 53, 188–194.
amargo, M.E., 1974. Introducão às técnicas de Imunoﬂuorescência.
Revista Brasileira de Patologia Clínica, São Paulo 10, 143–169.
FMV, 2012. RESOLUC¸ ÃO No 1000. DE 11 DE MAIO DE 2012 Dispõe
sobre procedimentos e métodos de eutanásia em animais e dá outras
providências, Disponível em:  www.cfmv.org.br (accessed 14.06.12).
olégio Brasileiro de Reproducão Animal – CBRA, 1998. Manual para
exame e avaliac¸ ão de sêmen animal, 2nd ed., pp. 49, Belo Horizonte,
Minas Gerais, Brasil.
ubey, J.P., 1981. Toxoplasma-induced abortion in dairy goats. J. Am.  Vet.
Med. Assoc. 178, 671–674.
ubey, J.P., 1989. Lesions in goats fed Toxoplasma gondii oocysts. Vet. Para-
sitol. 32, 133–144.
ubey, J.P., 2010. Toxoplasmosis of Animals and Humans, 2nd ed. CRC
Press, Boca Raton, FL, pp. 338.Research 123 (2015) 301–305 305
Dubey, J.P., Emond, J.P., Desmontis, G., Anderson, W.R., 1987. Serodiagno-
sis of postnatally and prenatally induced toxoplasmosis in sheep. Am.
J.  Vet. Res. 48, 1239–1243.
Dubey, J.P., Sharma, S.P., 1980. Prolonged excretion of Toxoplasma gondii
in  semen of goats. Am.  J. Vet. Res. 41, 794–795.
Dubey, J.P., Thulliez, P., Powell, E.C., 1995. Toxoplasma gondii in Iowa sows:
comparison of antibody titers to isolation of T. gondii by bioassays in
mice and cats. J. Parasitol. 81, 48–53.
Hartley, W.J., Dubey, J.P., 1991. Fatal toxoplasmosis in some native Aus-
tralian birds. J. Vet. Diagn. Investig. 3, 167–169.
Homan, W.L., Vercammen, M.,  De Braekeleer, J., Verschueren, H., 2000.
Identiﬁcation of a 200- to 300-fold repetitive 529 bp DNA fragment in
Toxoplasma gondii,  and its use for diagnostic and quantitative PCR. Int.
J.  Parasitol. 30, 69–75.
Mc Gavin, M.D., Zachari, J.F., 2012. Pathologic Basis of Veterinary Disease,
5th ed. Elsevier, Amsterdam, pp. 1344.
Moraes, E.P.B.X., Batista, A.M., Faria, E.B., Freire, R.L., Freitas, A.C.,
Silva, M.A.R., Braga, V.A., Mota, R.A., 2010a. Experimental infec-
tion by Toxoplasma gondii using contaminated semen containing
different doses of tachyzoites in sheep. Vet. Parasitol. 170, 318–
322.
Moraes, E.P., Freitas, A.C., Gomes-Filho, M.A., Guerra, M.M., Silva, M.A.,
Pereira, M.F., Braga, V.A., Mota, R.A., 2010b. Characterization of
reproductive disorders in ewes given an intrauterine dose of Toxo-
plasma gondii tachyzoites during the intrauterine insemination. Anim.
Reprod. Sci. 122, 36–41.
Nishi, S.M., Kasai, N., Gennari, S.M., 2001. Antibody levels in goats fed
Toxoplasma gondii oocysts. J. Parasitol. 87, 445–447.
Obendorf, D.L., Statham, P., Munday, B.L., 1990. Resistance to Toxoplasma
abortion in female goats previously exposed to Toxoplasma infection.
Aust. Vet. J. 67, 233–234.
Reddacliff, G.L., Hartley, W.J., Dubey, J.P., Cooper, D.W., 1993. Pathology
of experimentally-induced, acute toxoplasmosis in macropods. Aust.
Vet. J. 70, 4–6.
Rosa, C., Kasai, N., Souza, S.L.P., Guerra, J.L., Rego, A.A., Gennari, S.M.,
2001. Comparac¸ ão das técnicas de imuno-histoquimica e bioensaio
em camundongos para pesquisa de Toxoplasma gondii em teci-
dos  de caprinos, experimentalmente inoculados. Arq. Inst. Biol. 68,
13–17.
Santana, L.F., Costa, A.J., Pieroni, J., Lopes, W.D.Z., Santos, R.S., Oliveira,
G.P., Mendonc¸ a, R.P., Sakamoto, C.A.M., 2010. Detection of Toxoplasma
gondii in the reproductive system of male goats. Rev. Bras. Parasitol.
Vet. 19, 179–182.
Skjerve, E., Waldeland, H., Nesbakken, T., Kapperud, G., 1998. Risk fac-
tors for the presence of antibodies to Toxoplasma gondii in Norwegian
slaughter lambs. Prev. Vet. Med. 35, 219–227.animals to humans. Int. J. Parasitol. 12/13, 1217–1258.
Vitor, R.W.A., Lima, J.D., Tafuri, W.L., Fernandes, M.A., Bahia, M.T., Chiari,
C.A., 1992. Experimental toxoplasmosis in pregnant goats. Arq. Bras.
Med. Vet. Zootec. 44, 501–512.
